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Background:  The geometry of proximal isovelocity surface area (PISA) is conventionally assumed to be a hemisphere for the assessment of mitral 
regurgitation (MR). Recently, an effective regurgitant orifice area (EROA) calculated by a hemielliptic assumption of PISA with three-dimensional (3D) 
echocardiography was shown to be more accurate compared to the hemispheric assumption of PISA by two-dimensional (2D) echocardiography 
in a single MR jet. However, the accuracy of this method in multiple MR jets is not known. This study was design to determine whether direct 
measurement of multiple PISA by real-time 3D transesophageal echocardiography (TEE) is a feasible and accurate method of measuring MR severity 
in multiple MR jets, when compared to 2D TEE.
Methods: 2D and 3DTEE was performed in 56 patients with multiple functional MR jets. PISA contours were characterized as hemispheric or 
hemielliptic by 3D TEE. MR severity was assessed using the pulsed Doppler quantitative flow method of deriving EROA (EROAdopp). EROA by 3D TEE 
was calculated using a hemielliptic formula for each MR PISA from the mid-esophageal view and the sum of the areas (3D EROAs) was compared 
with EROAdopp. Likewise, 2D EROA was computed for each MR jet using standard hemispheric assumption from mid-esophageal 2D view optimizing 
imaging of multiple jets. EROAs of the jets were summed (2D EROAs) and compared to EROAdopp.
Results: There were 127 PISA contours in 56 patients, in which only 8 (6%) had hemispheric contours. 3D EROAs correlated well with EROAdopp 
(r=0.85, P<0.01); the relation was stronger than for 2D EROAs (r=0.71, P<0.01). 3D EROAs correlated better with EROAdopp compared to 2D EROAs 
with MR degrees greater than mild (r=0.88, P<0.01 vs r=0.55, P=0.09) and in case of three or more regurgitant jets (r=0.83, P<0.01, vs r=0.50, 
P=0.06).
Conclusions: The direct measurement of multiple PISA areas using 3DTEE is feasible and provides a simple parameter that accurately reflects MR 
severity in multiple jets, particularly in MR degrees greater than mild and in case of multiple regurgitant jets. Based on this 3D shape, a hemielliptic 
approach can improve MR quantification in multiple MR jets, where geometric assumptions may be challenging.
